The EMBO Journal (2012 Journal ( ) 31, 515-516. doi:10.1038 Journal ( /emboj.2011 For many years, it has been assumed that mammalian development is primarily controlled by transcription factors, but recent studies, including that reported by Ng et al (2012) in this issue, indicate that there is an additional massive hidden layer of regulatory RNAs that control the site specificity of chromatin-modifying complexes and other regulatory proteins involved in the control of embryological and neural differentiation.
Dynamic changes to chromatin structure appear to constitute the senior level of gene regulation during differentiation and development by determining which loci may be open or closed for expression, although it has been assumed that this is itself controlled by transcription factors. The term 'transcription factors' is, in fact, used rather loosely as DNA-or chromatin-binding proteins are many and varied, and act in different ways, presumably at different levels in decisional hierarchies. It is also increasingly clear that there are other levels of regulation of gene expression that involve targetspecific RNAs, such microRNAs that control mRNA translation and stability.
It appears that molecular biology may have misunderstood the nature and extraordinary complexity of the regulatory information that controls the fine details of human differentiation and development, on the superficially reasonable but most likely mistaken assumption that most genetic information is transacted by proteins, and the derived assumption that combinatoric interactions between regulatory proteins can provide all of the necessary computational power to put 100 trillion specialized cells in the right places. Indeed, while some transcription factors are powerful controllers of cell type, the far bigger challenge is to specify the precise architecture of different organs, muscles and bones, as well as functional neural networks in the brain.
Less than 1.5% of the human genome encodes proteins, most of which are orthologous to those in other animals, but genome-wide analyses have shown that virtually the entire genome is differentially transcribed in highly complex cellspecific patterns, to produce tens if not hundreds of thousands of long non-coding RNAs (lncRNAs; Mercer et al, 2012) . Over the past few years, a number of studies have shown that these lncRNAs are specifically expressed, especially in the brain , and are dynamically regulated during cell differentiation, including during embryonal and neural stem cell differentiation Mercer et al, 2010; Guttman et al, 2011) .
These studies have now been extended by Ng et al (2012) , who analysed a set of lncRNAs that are dynamically regulated during the differentiation of human stem cells into neurons and, using siRNA knockdown, identified subsets that are involved either in the maintenance of pluripotency or in neuronal differentiation. This mirrors similar findings by Guttman et al (2011) that lncRNAs are also involved in embryonal stem cell maintenance and lineage specification, and that the expression of lncRNAs is itself regulated by various transcription factors, that is, behave similarly to protein-coding genes, presumably in a largely predetermined feed-forward program that unfolds during normal embryogenesis. Ng et al (2012) also show that lncRNAs themselves associate with 'transcription factors' such as SOX2 and REST, whose mode of action is not well understood.
These papers also showed that lncRNAs are associated with chromatin-modifying complexes, such as polycomb components and histone methyltransferases, extending earlier studies showing association of lncRNAs with both activating and repressive chromatin-modifying enzymes and states Khalil et al, 2009; Koziol and Rinn, 2010) . The inescapable conclusion is that these RNAs are likely acting as adaptors to assemble different suites of generic effector proteins that are recognized and bound by secondary structural features embedded within the RNA, and to direct these to specific genomic positions by virtue of RNA-DNA interactions (Koziol and Rinn, 2010;  Figure 1 ).
This previously hidden world of RNA-directed epigenetic control of gene structure and expression may be extremely sophisticated, not simply operating at the regional level, but extending to individual exons and other features such as promoters and enhancers. It has recently been discovered that nucleosomes are preferentially positioned over exons in both somatic and germ cells (Nahkuri et al, 2009) , raising the prospect of the preprogrammed epigenetic control of splicing, which has since obtained experimental support (Luco et al, 2011) . When one considers the extraordinary amount of information required to impose such fine control of gene structure and expression, and the myriad of histone modifications involved, it is not surprising that most of the genome may be differentially transcribed to supply this information. Many if not most lncRNAs are themselves alternatively spliced (Mercer et al, 2012) , adding further complexity to this scenario, and painting an entirely new picture of the genomic programming of human development and brain function, whereby relatively generic, albeit often state-specific, effector proteins (chromatin-modifying complexes and 'transcription factors') are guided to their sites of action in the genome by an army of adaptor RNAs, which themselves may be subject to allosteric interactions. Clearly long-held ideas of gene regulation in development and cognition will have to be reassessed, although there is a long way to go in understanding the details and mechanics of RNA interactions with DNA and with complexes involved in writing and erasing chromatin marks.
